We have investigated the usefulness of ribotyping for the differentiation of aeromonads isolated from five patients with gastroenteritis and from the source water, treatment plant, and distribution system of a small public water supply. Aeromonas hydrophila and Aeromonas caviae were isolated from fecal specimens preserved in Cary-Blair transport medium by using blood ampicillin agar or alkaline peptone water (pH 8.4) subcultured to blood ampicillin agar plates. A. hydrophila, Aeromonas sobria, and A. caviae were isolated from duplicate 100-mi water samples by the membrane filter technique by using ampicillin dextrin agar for quantitative determination of growth and alkaline peptone water enrichment for detection of the presence or absence of aeromonads below the detection limit of the membrane filter method. In addition, free chlorine residuals and pH values were determined for all water samples and heterotrophic plate counts and total and fecal coliform analyses were performed on them. Ribotyping patterns of aeromonads recovered from well 1, detention basin, sand filter, softener, and distribution samples were compared with those of the five clinical isolates. All patient strains were unique; however, identical ribotypes of A. hydrophila and A. sobria isolated from multiple sites in the water system indicated colonization of a well, sand filters, and the softener, with the potential for sporadic contamination of distribution water. Plant operational deficiencies were noted and corrected. Ribotyping can effectively differentiate otherwise indistinguishable strains of bacteria, thus providing a powerful tool for investigation of waterborne diseases and bacteriological problems within water treatment plants and distribution systems.
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Microbiological investigations of biofilm problems in water treatment plants and distribution systems and their relationship to human disease depend upon recovery and identification of causal organisms by using conventional bacteriological techniques. When a common organism is recovered from clinical and environmental sources, antibiograms, serotyping, bacteriophage typing, plasmid profiles, and isoenzyme profiles have been used to study the epidemiological links between cultures. Serious limitations of such methods include the inability to differentiate subtypes within microbial populations and the difficulty of relating bacteria found in distribution water to organisms of the same genus and species recovered from clinical specimens taken from diseased patients.
The epidemiological relationship between aeromonads isolated from human and environmental sources is particularly difficult because 12 genospecies are recognized but only 8 of them are phenotypically definable by using currently available biochemical tests (9) . Of the traditional typing methods, only serotyping has shown promise (16) . Various molecular typing methods have been evaluated for aeromonads, but they have not been widely used for epidemiological investigations. One such method, ribotyping, has been shown to have both taxonomic and epidemiological value for aeromonads as well as other groups of bacteria (1, 6, 14) . This method exploits the fact that bacteria have highly conserved DNA which codes for their rRNA. The entire rrnB operon of Escherichia coli containing the 5S, 16S, 23S, and tRNAGlU genes has been cloned into plasmid pBR322 to obtain the 11.9-kb plasmid pKK3535 (3) . When bacterial * Corresponding author. chromosomes are digested with restriction enzymes (Smal or PstI, etc.), the ribosomal genes are widely distributed in the resulting fragments, producing strain-specific patterns after hybridization with a suitable probe. This technique produces highly specific and reproducible gel electrophoretic patterns which have also been used to differentiate types within species or serotypes of various groups of bacteria such as Salmonella, Escherichia, Enterobacter, Citrobacter, Pseudomonas, and Aeromonas spp. (5, 6, 10) .
The case of gastroenteritis which prompted this investigation occurred in a 15-month-old male with persistent diarrhea of 7 months duration. Aeromonas caviae was isolated from the stool of the child, and he was treated with three consecutive courses of trimethoprim-sulfamethoxazole before he recovered. In September 1990, we were contacted by the mother of the child to culture the drinking water from her residence for the presence of Aeromonas species. Such requests are not uncommon in Iowa where many residents obtain their drinking water from untreated farm wells, and our earlier work has demonstrated a relationship between the presence of Aeromonas spp. in water and childhood diarrhea (12) . Upon further investigation, we were surprised to find that this family obtained their water from a small community public water supply. Two sample collection kits were dispatched, and A. caviae was isolated from both water samples collected from the kitchen tap. The child was placed on bottled water and remained healthy until the family moved. A review of medical records identified four other patients from the same community with Aeromonas gastroenteritis between July and October 1990, causing speculation about water as the common source of organisms. All five cultures from these patients were available for further study.
We contacted the operator of the water treatment plant and scheduled a site visit to review operational parameters and collect water samples from the plant and the distribution system. Aeromonads were isolated from one of two wells used for source water, from all stages of the treatment plant, and from one site in the distribution system. We used this opportunity to investigate the usefulness of ribotyping for bacterial strain differentiation among aeromonads isolated from patients with gastroenteritis and from the source water, treatment plant, and distribution system of a small public water supply in Iowa.
MATERIALS AND METHODS
Culture methods. Aeromonads were isolated from stools of patients with gastroenteritis by using blood-ampicillin agar (BAA) incubated at 35°C for 24 h or from cefsulodinIrgasan-novobiocin agar incubated at 25°C for 48 h (13) . Alkaline peptone water (APW) enrichments were incubated at 25°C for 24 h and inoculated onto both BAA and cefsulodin-Irgasam-novobiocin agar plates which were incubated as described above. Duplicate water samples (100 ml each)
were passed through 0.45-,pm-pore-size cellulose-acetate membrane filters. One filter was aseptically placed onto the surface of ampicillin dextrin agar in a 50-mm petri plate which was incubated at 35°C for 48 h (7). The second filter was aseptically placed into a bottle containing 10 ml of APW and incubated at 25°C for 24 h. APW enrichments were inoculated onto BAA which was incubated at 35°C for 24 h. Typical colonies from BAA and ampicillin dextrin agar plates were tested for oxidase production and inoculated into triple sugar iron agar and lysine iron agar for presumptive identification. All organisms isolated from water samples and presumptive aeromonads isolated from stools were identified by using conventional bacteriological techniques. Heterotrophic plate counts were performed by using pour plates of standard plate count agar incubated at 35°C for 48 h, and total coliform analyses were performed by using the multiple-tube fermentation test according to standard methods (2) .
Chemical and physical analyses. Free chlorine residuals were determined by using the DPD colorimetric method (HACH, Inc.) and pH was determined by standard methods (2) .
Ribotyping method. Ribotyping was performed as described by Martinetti and Altwegg (10) . E. coli containing the plasmid pKK3535 was grown in Luria-Bertani broth supplemented with 50 jig of ampicillin per ml at 37°C. Plasmid pKK3535 carrying rnB rRNA operon of E. coli was used as a probe in the hybridization experiments. Serratia fonticola 3965 and biotinylated bacteriophage X DNA digested with Hindlll were used to produce standard molecular-size markers (1, 6 biotin-11-dUTP (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) by using a nick translation kit (Bethesda Research Laboratories). The biotinylated probe was purified with a Sephadex G-50 column. Filters were prehybridized and hybridized in 5 x Denhardt's solution, 5 x SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 50% formamide, 50 mM sodium phosphate buffer (pH 6.5), 0.5% sodium dodecyl sulfate, 250 pLg of denatured salmon sperm DNA per ml, and 5% dextran sulfate at 42°C. After prehybridization for 60 min, the solution was removed and the filters were incubated overnight at 42°C in fresh solution containing the heat-denatured probe (500 ng). Filters were washed by the method of Pall Biosupport, and hybrids were visualized by using the BlueGene kit (Bethesda Research Laboratories).
DNA hybridization groups. The DNA hybridization groups ofAeromonas strains isolated from clinical and environmental sources were determined by hybridizing them with reference strains of the 13 known hybridization groups which were obtained from the Centers for Disease Control, Atlanta, Ga.
RESULTS AND DISCUSSION
The source water for the public water supply we investigated is taken from two glacial drift wells (101 and 110 ft deep [1 ft = 30.48 cm]) drilled in 1987 and 1988, respectively. Water is aerated and mixed in a 10,000-gal (1 gal = 3.785 liters) detention basin which contains two 4-ft-high wooden baffles. Two pumps supply pressure (110 to 140 lb/in2) to four graded sand filters. Water is softened (with Zeolite), chlorinated (1.5 mg/liter), and pumped to a 250,000-gal water tower and the distribution system. The plant capacity is rated at 340 gal/min. A diagram of the treatment process is shown in Fig. 1 . The distribution system formed an elongated grid with linear extensions to the north and south of 14 unique patterns could be identified (Fig. 4) , and these patterns were assigned alphabetical identifiers A through N.
As can be seen in Table 3 The public health significance of aeromonads in drinking water has been addressed by others (4, 8, 11, 15, 17) . While no major outbreaks have been recognized, the potential for colonization of a distribution system resulting in sporadic cases of gastroenteritis among susceptible individuals cannot be dismissed. Our results suggest that proper operation and maintenance practices are sufficient to control aeromonads in a properly chlorinated distribution system.
The isolation and identification of aeromonads from environmental sources pose serious challenges for the microbiologist because of the tremendous variety of strains present in water and the imprecision of conventional detection and identification methods. Because the cultures in this study were isolated from the water system 2 to 3 months after cases of gastroenteritis first appeared in the community, we have not eliminated the possibility that waterborne transmission of aeromonads occurred. However, ribotyping has enabled us to demonstrate conclusively that the aeromonads isolated from the public water supply were unrelated to the aeromonads isolated from patients with gastroenteritis. In addition to the obvious epidemiological potential of the method, ribotyping provides microbiologists with a powerful tool for monitoring population dynamics over time for various bacteria which have been shown to colonize the distribution system of public water supplies.
